Introduction 21
Caragana arborescens, commonly referred to as caragana or Siberian pea-shrub, 22 is a woody legume in the family Fabaceae and native to north-eastern Europe and central 23 Asia. Caragana arborescens was introduced to North America in 1752 and is the favored 24 species in western Canadian prairie for shelterbelts for seeded fields and farm homes 25 (Dietz et al. 2008) . Its endurance to cold and drought conditions, long life span, ability to 26 fix nitrogen, and height of 4-5 m made it an acceptable choice. C. arborescens tolerance 27 to cold was reported by Hensley and Carpenter (1979) . The lowest activation temperature 28 of nodules from the several legumes tested were those of C. arborescens, i.e. 3-5 °C. 29
Symbiotic interactions involving leguminous plants and rhizobia result in the 30 differentiation of root or stem tissue into nodules where these bacteria reduce nitrogen 31 gas to nitrogenous compounds which enter the plant's metabolic machinery. Early studies 32
by Beijerinck suggested that the root nodule isolates from C. arborescens were similar to 33 the slow growing rhizobia from cowpea, soybean or lupin (Allen and Allen 1939) . 34 Gregory and Allen (1953) reported markedly different growth rates and other 35 physiological differences from fourteen rhizobial isolates from root nodules of C. Head, Sk.), were surface sterilized using a 95% ethanol solution for 25 sec followed by a 95 20% sodium hypochlorite (as above) solution for 20 min. Following 7 sterile dH 2 O 96 rinses, the seed was placed in a laminar flow hood to dry. The seeds were then pre-97 germinated on moistened sterile filter paper and two seedlings were later transplanted 98 into sterilized Leonard jar assemblies (Vincent 1970 were dissolved in 100 µL of 10 mM Tris-Cl pH 8.0 with 1mM EDTA. Two µL of each 123 extract were used as a template in a PCR with primers F1 and R2 (Dorsch and 124 Stackebrandt 1992), which amplify nucleotides 11-536 of the 16S rRNA-encoding gene 125 (numbering according to E. coli sequence). recA gene fragments were amplified using 126 primers recA63F and recA555R as described by Gaunt et al. (2001) . 16S rRNA and recA 127 amplicons were sequenced directly using the amplification primers. For amplification of 128 sequenced for each isolate. Sequences were analyzed using pregap v1.5/gap v4.10 136 (Staden package) to generate contigs that were manually checked for quality and trimmed 137 of primer sequences. 138
Taxonomic analysis. 16S rRNA, recA, and cpn60 UT sequences were aligned using the 139 default parameters of clustalw (Thompson et al. 1994 ) to determine sequence identities. 140
Phylogenetic analysis was performed using the neighbor joining method (Saitou at al. 141 1987) with bootstrapping using 500 replicates. Phylogenetic trees were generated using 142 MEGA4 (Tamura et al. 2007 Nitrogen and C concentrations and N isotopes data generated from the leaves 184 collected from the nodulated and non-nodulated C. arborescens are presented in Table 2 . 185
Nodulated plants had on average 4.9 and 3.2 times higher percent N and C than the non-186 nodulated (non-inoculated) plants (Table 2) (Table 3 and 
data not shown). 218
Among all of the strains, the number of copies of cpn60 varied, from as few as 2 copies 219 in Mesorhizobium spp. BNC1 to as many as 5 in M. loti MAFF303099. Some of these 220 copies shared a very high sequence identity (up to 1.0), despite being from distinct 221 species as shown by JSpecies (Table 3) . Other cpn60 copies were highly distinct from 222 one another, with pairwise cpn60 UT sequence identities of 0.74-0.76. 223
Clones corresponding to the cpn60 UT were retrieved for all isolates. The number 224 of distinct cpn60 copies that were retrieved for each isolate varied from 3 (isolate 225 Sovereign) to 7 (isolate Thrasher) (Table 4) . In all cases, the cpn60 copies from a single 226 isolate were most closely related to 2 or 3 different Mesorhizobium spp., with sequenceidentities ranging from 87.2% to 98.7% (Table 4) . Phylogenetic analysis of all of the 228 cpn60 copies observed from all isolates revealed that several of the cpn60 sequences from 229 the isolates were identical or nearly identical to one another (supplemental complicate the assignment of taxonomic identities using cpn60 gene sequences since 309 gene transfer events among otherwise distinct species that have similar functional roles 310 may occur. We therefore compared the cpn60 UT sequences for each of the reference 311 strains for which all copies of cpn60 are known. This analysis revealed that certain cpn60 312 copies shared very high sequence identities among demonstrably distinct species oftransfer events. However, we could find no evidence in cpnDB that any of these 315 sequences were found in any genus besides Mesorhizobium spp., which suggests that 316 such gene transfer events may be restricted to taxonomically closely related 317
Mesorhizobium spp. The cpn60 UT may therefore be useful as a taxonomic marker for 318
Mesorhizobium spp., but it seems unable to resolve below the genus level in this case, 319 unlike for most other taxonomic groups (Links et al. 2012 ). This is likely true of other 320 root-nodulating Alphaproteobacteria as well. 321
Comparing the cpn60 UT sequences of the isolates to one another and to 322 reference sequences revealed that the various cpn60 copies of the isolates tended to 323 cluster together, with several cases of identical cpn60 UT sequences coming from 324 different isolates. Notably, one sequence was shared in all 5 of the isolates (supplemental 325 Figure 1 ) which was most closely related (94% sequence identity) to one of the cpn60 326 genes of M. loti MAFF303099 (cpnDB ID b1085). It is possible that this copy of cpn60 327 plays a role in the nodulation host range of these isolates, since they were found in 328 distinct geographic regions of Saskatchewan but nodulate the same plant species. 329 recA has been examined as a sequence that could be used to predict genomic 330 sequence identity (Zeigler 2003) , and has been shown to display similar phylogenies to 331 the 16S rRNA-encoding gene for root-nodulating Alphaproteobacteria with somewhat 332 higher sequence divergence (Gaunt et al. 2001) . recA analysis indicated that isolates 333 (Figure 1 and 2) . This discrepancy could bedue to the fact that full-length recA genes were not determined in this study. Altogether, 341 molecular taxonomic analysis using the 3 genes investigated consistently placed all of the 342 isolates within the genus Mesorhizobium, although none of the three markers was able to 343 conclusively assign these isolates to a known species. These results underscore the 344 difficulties in assigning taxonomic identities to Mesorhizobium spp., even with whole 345 genome sequences available (Sahgal and 
